. These plots show a decrease in relative electron density at the unit cell origin with respect to the scattering at the centre of the unit cell faces. This can be taken to reflect the increasing volume fraction of primitive reo-correlated structural component as the quantity of formic acid used during synthesis is increased. Supplementary Figure 7 : Calibration curves derived from peak fits to the generated models of nano-structured UiO-66(Hf). Relative sharpness is defined as w(111)/w(hkl); relative intensity is I(hkl)/I(111), as defined in Supplementary Methods 1.2.
Supplementary Figure 8:
Plots of the evolution of relative peak sharpness and relative peak intensity normalised to the (111) peak with reaction time, for two compositions of reaction mixture. Empirical fits to the data have been included as guides to the eye. These results suggest that the proportion of the synthesised UiO-66(Hf) that consists of the defect nano-reo appears to increase over time, and these nano-domains increase in size. Most of this change occurs in the first few hours. It is unclear whether these diffraction data reflect an increase in the quantity of cluster absences or their ordering (as randomly distributed cluster absences will not contribute to the diffuse superlattice reflections).
Supplementary Figure 9:
Thermogravimetric analysis (TGA) traces for the series of UiO-66(Hf) samples produced with 0.3 mmol BDC, 0.3 mmol HfCl 4 and from 1 ml to 2 ml formic acid, after drying at 100 • C under vacuum. The increasing concentration of ligand vacancies with formic acid concentration can be seen from the decreasing mass loss. The step at around 250 • C is likely due to the loss of ligated formate.
Supplementary Figure 10:
The ratio of the masses at 55, 100 and 400 • C to the final mass at 650 • C. These temperatures correspond to the initial sample, the sample after desolvation and the sample after the loss of bound species, presumed to be formate ligands.
Supplementary Figure 11:
The cluster coordination number (assuming saturated ligand binding) calculated from the mass ratio at 400 • C, assuming that at this temperature all formate ligands and solvent molecules have been lost, and the Hf 6 cluster is dehydrated. Figure 12 : Barrett-Joyner-Halenda (BJH) adsorption pore diameter for the samples synthesised with varying quantities of formic acid (1.0 ml to 2.0 ml).
Supplementary

Supplementary Figure 13:
Barrett-Joyner-Halenda pore diameter volume plots for the samples synthesised with 1.0 ml (a) and 1.8 ml (b) of formic acid. A large peak at around 2.5 nm is present in the sample with a higher defect concentration. 55,000 60,000 65,000 70,000 75,000 80,000
f'' f' the heart of this study. Lowering the crystal symmetry to P m3m improves the fit: specifically the superlattice peaks were now fitted, albeit with an unsatisfactory match in peak width (middle panel) (a = 20.7342(6)Å, R wp =12.8%). A two phase fit in which all the superlattice peaks were assigned their own refineable peak shape, gave a more satisfactory fit to data (bottom panel) (a = 20.712(9)Å, R wp = 11.2%). The (100) and (110) broad superlattice reflections are highlighted in inset panels, and marked by arrows. Data in black, calculated in red, misfit in blue. Blue markers show the F m3m phase and magenta show the P m3m peaks. Estimated standard errors are given in parentheses.
Supplementary
Supplementary Discussion
The Effect of Solvent and Counteranions
An additional difficulty that is frequently encountered in the crystallography of MOFs and porous materials more generally is the compositional uncertainty that results from solvent and counteranion inclusion. Indeed, the presence of solvent was invoked as an explanation for the additional primitive peaks seen in some samples of UiO-66. 6 While we have shown this is extremely unlikely to be the case, this uncertainty does lead to complications in the analysis. Disordered guests included in a porous material will perturb the intensities of reflections; however, for guests to introduce new reflections that would be systematically absent in the diffraction pattern of the host framework it is necessary for the guests to lower the crystal symmetry. This requires guest ordering with a larger periodicity than the host framework. If this occurred, the additional peaks resulting from the solvent ordering would have the same peak shapes as the rest of the diffraction pattern. Anisotropic strain broadening has been suggested as an explanation for the difference in peak widths; however, in a cubic system strain will affect all classes of reflection equally, resulting in the same broadening being applied to all peaks. The most plausible mechanism by which solvent could produce broad diffuse scattering in superlattice position is ordering of solvent into nano-domains. This is, to our knowledge, an unknown phenomenon.
The models described exclude the effects of solvation and use formate as the charge balancing counter-anion. Both of these are approximations, as the degree of solvation is known to be extremely variable, and secondly the exact identity of the counter-anions is still unknown. These two factors can substantially alter the ratio of intensities for the peaks of form (hh0); indeed, this has been observed for the canonical UiO-66 materials 6 . This variability means that interpretation of the intensity of the (110) peak is difficult.
Surface Area
We found amongst our data greater variation than we had anticipated from earlier studies. 7, 9, 10 Perhaps the clearest trend is to be found in the BJH adsorption pore diameters, which show a steady increase in effective pore diameter with defect concentration [ Supplementary Fig. 12 ]. This result is mirrored by the BJH pore diameter volume behaviour, where there emerges a large peak associated with pores of diameter 2.5 nm for defective samples [ Supplementary  Fig. 13 ]. Taken at face value, these two results would suggest that the UiO samples are becoming increasingly porous with increasing defect concentrations, and yet the measured BET surface area itself displays an erratic behaviour that even suggests accessible pore volume decreases for highly defective samples [ Supplementary Fig. 14] . In addition there is strong hysteretic behaviour evident in the contrast between adsorption and desorption isotherms [Supplementary Fig. 15 ] that adds to the complexity of the sorption behaviour of nano-reo UiO-66(Hf). One possible explanation for this anomalous result is that the Hf/O-rich defect inclusions observed using electron microscopy-which enclose interior domains of the crystallites-are acting as barriers to gas migration. In this way, on increasing defect concentrations there is an increase in pore diameter but a decrease in overall porosity as the interior of the crystals is impermeable to the probe gas.
Supplementary Methods
Computational crystallographic modelling of the correlated defect nano-regions Model Building
Models of the correlated defect nano-region UiO-66(Hf) were produced using a growth method. A given defect concentration (strictly less than 0.25) and a number of initial cluster vacancy nuclei are specified, and then an iterative procedure is used to produce a model with the specified concentration of cluster vacancies. First, n cluster vacancy defects are introduced into a supercell of the non-defective UiO-66 at random positions. Then, a cluster vacancy defect is chosen at random, and one of the six 100 neighbouring clusters is converted into a cluster vacancy (i.e. removed from the model). If the neighbouring cluster is already a defect (i.e. absent), nothing is changed. If the neighbouring cluster already has a nearest neighbour (along 110 ) that is a defect, the cluster is left in place (i.e. not changed into a vacancy). This process is iterated until the specified vacancy concentration is reached. The approximate average cluster size can be calculated using the number of initial nuclei, the defect concentration and the size of the supercell. This model is then decorated with ligands, with all nearest neighbour clusters being joined by a terephthalate linker and all vacant Hf coordination sites being occupied by formate.
Modelling of the powder diffraction data
A series of models, consisting of supercells 24×24×24 times the original UiO-66 cell (i.e. ∼500Å in each linear dimension) were produced, with defect concentrations varying from 0.05 to 0.2 in 0.05 steps and numbers of initial cluster vacancies nuclei from 5 to 400. This produced a wide variety of nano-domain sizes, varying from 2.5 nm up to 17 nm. Powder diffraction patterns of these supercells were then simulated out to a d-spacing of 11Å (2θ ≈ 8 • using Cu Kα radiation), using a Gaussian peak shape.
To extract the peak widths and intensities of these calculated powder diffraction patterns, they were then fitted using TOPAS Academic version 4.1using Gaussian peak shapes. 1 No background term was included. Plots of the ratios I(100)/I(111) and I(110)/I(111) as a function defect concentration, on the one hand, and of peak widths for (100), (110) and (111) reflections as a function of approximate nano-domain size, on the other hand, are given in Supplementary Fig. 7 . It can be seen that there is an approximately linear dependence of the ratio of |F (100)| 2 /|F (111)| 2 and |F (110)| 2 /|F (111)| 2 on defect concentration as would be expected. There is also an approximately linear relationship between nano-domain size and peak sharpness, as would be expected from the Scherrer equation. This linear relationship no longer holds for models with higher concentrations and lower numbers of nuclei, as the approximation that the sizes of the nano-clusters are independent of each other breaks down. Interestingly, the peak width as predicted by the Scherrer equation is ca twice as large as is observed for these models.
Examination of the calibration curves ( Supplementary Fig. 7 ) allows for determination of the defect concentration and cluster size, giving, for the sample shown in Fig. 1(a) of the main text, a concentration of 0.12(2) and domain size of 7(3) nm. The calculated powder diffraction pattern shown in panel (b) of Fig. 2 was calculated using a split Pearson VII peak shape to replicate the pronounced instrumental peak asymmetry in the experimentally observed patterns.
Where the concentration of terephthalic acid is very low compared to formic acid (greater than ca 200-fold excess), additional impurity phases begin to appear. These impurities can in fact be made independently without the presence of terephthalic acid-by refluxing HfCl 4 and formic acid in DMF-and so are believed to be various types of hafnium formates. An approximate solution of the first phase (α hafnium formate) was obtained from a powder diffraction measurements using TOPAS Academic version 4.1. 1 In this solution, the Hf atom positions were located directly; the locations of formate anions were inferred from the Hf arrangement. We have not been able to solve the structure of a second phase (which we call β hafnium formate).
Synthesis of α hafnium formate
HfCl 4 (1 g, 0.35 mmol) was dissolved in H 2 O (5 ml). DMF (10 m) was added to this solution, followed by 20 ml formic acid (this is a strongly exothermic process). This mixture was refluxed overnight, whereafter a white precipitate was formed, filtered under vacuum, and washed on the filter with acetone, to yield a white microcrystalline powder. The X-ray powder diffraction pattern of this phase is shown in Supplementary Fig. 21 .
Synthesis of β hafnium formate
HfCl 4 (1 g, 0.35 mmol) was added to DMF (10 ml), followed by the addition of formic acid (2 ml). This was mixture refluxed for 3 h, after which time a white precipitate had formed. The solid product was filtered under vacuum and washed on the filter with acetone to yield a white microcrystalline powder. The X-ray powder diffraction pattern of this phase is shown in Supplementary Fig. 22 .
Hafnium formate Alpha
A structural model for α hafnium formate was determined by the following method. First the cell dimensions were determined by the standard indexing algorithm implemented in TOPAS Academic version 4.1. 1 An approximate structure in the P 1 space group was obtained by a simulated annealing approach (again using TOPAS), in which only Hf 6 O 8 clusters were included. The space group of the resulting arrangement was then determined from this structure using the FINDSYM programme, 2 and formate ligands were subsequently included in chemically reasonable positions. The positions and isotropic atomic displacement parameters of the Hf atoms were then allowed to refine, but the rest of the model kept fixed, as refinement of their locations proved unstable. Crystallographic details are summarised in Supplementary Table 4 ; the positions of the formate ligands are to be regarded as approximate. The corresponding fit to data is shown in Supplementary Fig. 21 ; the quality of fit was given by R wp = 20.8%. Two representative views of the crystal structure are given in Supplementary Figs. 23 and 24 .
UiO-66 energetic difference
The energy difference between the reo and fcu structures was calculated as follows:
where E(P43m) and E(F43m) refer to the energy per primitive unit cell of reo and fcu. we obtain ∆E = 0.0706 a.u. per 3 Hf atoms. Consequently, the fcu is more stable by 61.8 kJ/mol(Hf) than the reo phase, which explains why a large excess of formate is needed. This value is particularly large and there is some uncertainty about how well these calculations will correspond to the true relative stability of these phases in the conditions of synthesisparticularly for the isolated formate and terephthalate anions. The corresponding value for UiO-66(Zr) is also 61.8 kJ/mol(Zr).
